Abstract In this paper, spherical a-Fe 2 O 3 nanoparticles (NPs) were supported on the surface of 12-tungstosilicic acid (12-TSAÁ7H 2 O) using two different solid-state dispersion (SSD) and forced hydrolysis and reflux condensation (FHRC) methods. Photocatalytic activity of supported a-Fe 2 O 3 NPs (a-Fe 2 O 3 /12-TSAÁ7H 2 O) for tetracycline (TC) degradation in aqueous solution was investigated using UV/H 2 O 2 process and the results were compared with that of pure a-Fe 2 O 3 NPs. a-Fe 2 O 3 and 12-TSAÁ7H 2 O were synthesized according to previous reports and all products were characterized by using FTIR, SEM, EDX and XRD. Design of experiments (DoEs) was utilized and photocatalytic degradation process was optimized using full factorial design. The experiments were designed considering four variables including pH, the initial concentration of TC, catalyst concentration and H 2 O 2 concentration at three levels. TC concentration reduction in the medium was measured using UV/Vis spectroscopy at k max = 357 nm. The results of experiments indicated that supporting a-Fe 2 O 3 NPs on the surface of 12-TSAÁ7H 2 O through SSD and FHRC methods caused to improve the filtration, recovery and photocatalytic activity of NPs. Also, it was indicated that those NPs supported through SSD method, have better photocatalytic performance than those supported through FHRC method. The statistical analyses revealed that the maximum TC degradation (97.39%) is obtained under those conditions in which pH and catalyst concentration variables are at maximum levels and the initial concentration of TC and H 2 O 2 concentration variables are at minimum levels (pH 8, catalyst concentration = 150 ppm, initial concentration of TC = 30 ppm, H 2 O 2 concentration = 0.1 ppm). A first order reaction with k = 0.0098 min -1 was observed for the photocatalytic degradation reaction.
Introduction
From the perspective of green chemistry, degradation of chemical pollutants in wastewater has attracted a lot of attention. Antibiotics are one of the larger groups of these pollutants in wastewater released from pharmaceutical industries [1] . Besides, TC is one broad spectrum of antibiotics repeatedly detected in urban and industrial wastewaters, drinking water, surface water and groundwater [2] [3] [4] [5] [6] . The molecular structure of TC is shown in Fig. 1 . Various techniques are used to degrade TC; one of these techniques is photocatalytic degradation [7] . NPs play an important role in heterogeneous photocatalysis. Metal oxide NPs, i.e., iron oxides, have a special position in the science and technologies because of having wide applications and unique properties [8] . a-Fe 2 O 3 (hematite) which is the most common form of iron oxides, has the rhombohedral structure and it is an attractive compound because of its applications in data storage, gas sensor, magnets materials, pigment, catalysis and photocatalysis [9] [10] [11] [12] [13] [14] . Various techniques including co-precipitation, solgel, thermal decomposition, Micelle synthesis, sonochemical synthesis, hydrothermal synthesis and FHRC have been utilized to synthesize monodisperse a-Fe 2 O 3 NPs. [15] [16] [17] [18] [19] [20] [21] . Among various photocatalytic processes, water and wastewater treatments are of the most important aFe 2 O 3 NPs applications. In these processes, a-Fe 2 O 3 NPs could be used in the form of a fine powder or crystals dispersed in water, but it is vital to know that filtering these NPs following reaction is difficult and costly. To solve this problem, researchers have examined methods for supporting a-Fe 2 O 3 NPs on the surface of organic, inorganic or organic/inorganic catalyst supports [22, 23] . Various methods have been applied for supporting a-Fe 2 O 3 NPs on the surface of catalyst support. Utilizing any of these methods depends on the chemical and physical properties of catalyst and catalyst support as well as the purpose of the process. One of these methods is SSD method in which catalyst precursor and catalyst support are separately synthesized and then are mixed with specific weight ratio using an appropriate solvent [24] . Then, during calcination, the catalyst is both formed and thermally supported on the surface of catalyst support. In another technique such as FHRC, the catalyst support is added to the precursor solution(s) during catalyst preparation (if it was stable in reaction medium) and the catalyst is supported on the surface of catalyst support while it is simultaneously formed. In FHRC method, all steps related to the synthesis of NPs were done on the surface of catalyst support and ''NP/catalyst support'' was obtained after nucleation and growth of NPs. Polyoxometalates (POMs) are a great class of inorganic compounds as multi-core metal-oxygen clusters [25] . If an atom named heteroatom (such as Si, P, As, B, etc.) enters the molecular structure of POM in addition to metal and oxygen, then heteropoly acids (HPAs) will be obtained [26] . Thermodynamically, HPAs have stable arrangements and maintain their crystal structure in aqueous and non-aqueous solutions. This class of materials has various applications in catalysis [27] , analytical chemistry [28] , medicinal chemistry (anti-tumor, anti-cancer, anti-bacteria, anti-microbial and anti-clotting) [29] [30] [31] , radioactive materials [32] and gas absorbents [33] owing to their structural diversity and unique properties. HPAs have different crystal structures of which a-, b-, c-, [34] . So far, numerous experimental studies have been done about supporting HPAs on the surface of various organic and inorganic catalyst supports, but HPAs have rarely been used as catalyst support [35] [36] [37] [38] .
12-TSA has suitable physical and chemical properties to be used as a catalyst support. The pores existed on the crystalline surface of 12-TSA provide a suitable condition to support NPs [39] . To optimize a process like the photocatalytic degradation process, it is essential to study all factors influencing the process. But studying the effects of individual factors on the process is difficult and timeconsuming, especially if these factors are not independent and they affect each other. Employing experimental design could eliminate these problems because the interaction effects of different factors could be attained using DoEs only. Full factorial is an appropriate method for DoEs because it could reduce the total number of experiments as well as optimize the process by optimizing all the affecting factors collectively, at a time [40] . The design could determine the effect of each factor on the response as well as how this effect varies with the change in level of other factors.
Various crystal structures of a-Fe 2 O 3 NPs including rodshape [21] , spherical and elliptical forms [41] have been synthesized and identified until now. In this work, spherical a-Fe 2 O 3 NPs are supported through two different SSD and FHRC methods on the surface of 12-TSAÁ7H 2 O (a-Fe 2 O 3 / 12-TSAÁ7H 2 O). Then, the performance of pure and supported a-Fe 2 O 3 NPs on the TC photocatalytic degradation was investigated using full factorial experimental design.
Experimental Material and apparatuses
All chemicals used in this work including sodium tungstate dihydrate, sodium silicate, diethyl ether, iron (III) chloride hexahydrate, urea, hydrogen peroxide (30% pure), hydrochloric acid (37% pure), sulfuric acid (96% pure), sodium hydroxide and ethanol were purchased from Merck and were used without further purification. The required TC was purchased from Razak pharmaceutical laboratory (Tehran, Iran). Also, deionized water was used throughout 2 O were examined using the obtained images of a Philips XL-30 scanning electron microscope (SEM). The X-ray diffraction (XRD) analysis of the samples was done using a DX27-mini diffractometer. BET surface area of materials was determined by N 2 adsorption-desorption method at 77 K, measured using a BELSORP-mini II instrument. The samples were degassed under vacuum at 473 K for 12 h before the BET measurement. All ultraviolet/visible (UV/Vis) absorption spectra were obtained using an Agilent 8453 spectrophotometer and the pH values were determined by a Metrohm pH meter model 827. Likewise, to separate the catalyst from samples, an ALC 4232 centrifuge was employed.
Synthesis of a-Fe 2 O 3 NPs
The synthesis of a-Fe 2 O 3 NPs was carried out according to Bharathi et al. [21] . Firstly, 100 ml iron (III) chloride hexahydrate 0.25 M which was considered as a source of Fe 3? , was poured into a flat-bottom flask. When Iron solution was agitated by stirrer, it was added drop by drop to it 100 ml urea 1 M (as a supplying agent of hydroxyl ions). The more gentle and regular adding urea, the smaller and more uniform-sized formed a-Fe 2 O 3 particles will be. The obtained mixture was stirred for 30 min and then placed under the reflex at 90-95°C for 12 h. Then, the precipitate after separation was washed with 100 ml deionized water because unreacted ions will be completely removed. The washed precipitate was dried at 70°C for 2 h. Having fully dried, one light brown solid (iron hydroxide) was yielded. Finally, this solid remained at 300°C for 1 h; hence the iron hydroxide particles will transform to iron oxide. Consequently, a dark brown solid of a-Fe 2 O 3 was obtained.
Synthesis of 12-TSAÁ7H 2 O
12-TSAÁ7H 2 O was synthesized according to literature procedure [42] . Firstly, 15 g sodium tungstate dihydrate was dissolved in 30 ml deionized water and then 1.16 g sodium silicate solution (density 1.375 g/ml) was added to it. The resulted mixture was heated up to about boiling point, and while it was stirred, 10 ml concentrated HCl was added to it during 30 min, smoothly. Then, the solution was naturally cooled down to RT and slight precipitate formed (silicic acid) in it was filtered. Again, 5 ml concentrated HCl was added to the solution and was transferred to separatory funnel after cooling it again down to RT. Then, 12 ml diethyl ether was added to it and well shaken. Therefore, three layers were formed inside separatory funnel, middle layer of which was yellow-colored. Bottom layer which was oily ether was separated and transferred into a beaker. To further extract, separatory funnel was further shaken again and the bottom layer was once more separated and transferred into the beaker. This extraction process was done so much that the yellow color of middle layer was fully faded. The extracted ether complex which was inside the beaker was transferred to another separatory funnel and then 16 ml HCl 25% (v/v) was added to it. Next, 4 ml diethyl ether was added to it, subsequently. The contents inside separatory funnel were shaken and bottom layer (ether) was transferred to the evaporating dish after separating. Evaporating dish was exposed to air and remained motionless to evaporate the solvent and form the 12-TSAÁ7H 2 O crystals. Finally, 12-TSAÁ7H 2 O formed crystals were placed at 70°C for 2 h until it was completely dried. The chemical reaction occurred in the process of 12-TSAÁ7H 2 O synthesis has been shown in (1) [42] . 
FHRC method
Firstly, 50 ml iron (III) chloride hexahydrate 0.25 M was poured into a beaker. While it was agitated by stirrer, 3.5 g 12-TSAÁ7H 2 O was gently added to it. The obtained mixture was stirred for 4-5 h. Then, stirring was stopped for 2 h until the solid within mixture was deposited. The solid accumulated at bottom of beaker was separated and transferred into one flat-bottom flask and the same 10 ml solution inside beaker was added to it. When mixture inside flat-bottom flask was being stirred, 50 ml urea 1 M was gradually added to it. The mixture was placed under reflux at 90-95°C for 12 h. Then, the precipitate resulted after separation was washed with 100 ml ethanol/deionized water 1:1 solution because unreacted ions were completely removed. The washed precipitate was dried in the air for 2 h and then was kept at 80°C for 2 h. In order to calcination, the obtained solid was kept at 300°C for 1 h.
Full factorial experimental design
The photocatalytic efficiency of pure a-Fe 2 O 3 NPs and aFe 2 O 3 /12-TSAÁ7H 2 O prepared by SSD and FHRC methods on the TC degradation were investigated using DoE. The experiments were designed considering four variables including pH, the initial concentration of TC, catalyst concentration and H 2 O 2 concentration at three levels. Experimental range and levels of variables are shown in Table 1 . pH varied from 4 to 8 at three levels (4, 6 and 8), the initial concentration of TC from 30 to 70 ppm at three levels (30, 50 and 70 ppm), catalyst concentration from 50 to 150 ppm at three levels (50, 100 and 150 ppm) and H 2 O 2 concentration from 0.1 to 0.5 ppm at three levels (0.1, 0.3 and 0.5 ppm). In Table 2 General procedure for photocatalytic degradation of TC Figure 3 shows one schematic diagram of photocatalytic reactor used in the work. An MDF box was designed inside which a circular Pyrex reactor with 300 ml capacity was placed. On the upper section of the box, three mercury lamps (Philips 15 W) were built-in as UV light sources. The radiation is generated almost exclusively at 254 nm. These lamps were set up with the same intervals, so light was evenly radiated on the whole liquid surface inside the reactor. The liquid inside the reactor was agitated by magnetic stirrer and the air inside the box was conditioned by a fan (built-in at back of box). In order to carry out each experiment (according to Table 2 ), firstly 250 ml TC solution was made as specified concentration and poured inside the reactor. Then, at related pH, the specified amount of photocatalyst and H 2 O 2 were added to the solution inside the reactor. In all experiments, pH adjustment was done via minimum use of H 2 SO 4 and NaOH. Then, stirrer and UV lamps were immediately turned on to initiate the process. Sampling was done by a 5 ml syringe, every 10 min. To fully separate the catalyst from solution, the samples were centrifuged for 3 min with 3500 rpm speed. The TC concentration of the samples was determined using a UV/Vis spectrophotometer at k max = 357 nm. The percentage of initial concentration of pollutant decomposed by the photocatalytic process or the percent of photodegradation efficiency (x%) as a function of time is given by
where C 0 and C are the concentration of TC (ppm) at t = 0 and t, respectively. Table 3 , vibrational frequencies of the synthesized 12-TSAÁ7H 2 O and equivalent values reported in previous studies [43, 44] have been listed. Comparing the vibrational frequencies reveals that 12-TSAÁ7H 2 O has been well synthesized. XRD is one of the most important characterization tools used in solid state chemistry and materials science. Figure 6a shows the XRD pattern of the synthesized 12-TSAÁ7H 2 O. This pattern indicates that the characteristic peaks corresponded to the 12-TSA were well appeared and it means that the synthesized 12-TSAÁ7H 2 O crystals were well formed [44] . In Fig. 5b, c particles supported on the surface of 12-TSAÁ7H 2 O were calculated using XRD and Warren-Averbach method (taking account of device errors) whose averages for SSD and FHRC methods were 50.5 and 70.82 nm, respectively. The BET surface area of catalyst prepared by SSD and FHRC methods were determined 57.53 and 39.84 (m 2 /g), respectively. It seems that the high amount of iron oxide formed on the base has been increase the BET surface area of catalyst prepared with SSD method. Fig. 9 . In all experiments, x% was calculated at k max = 357 nm. The wavelength of maximum absorbance (in 357 nm) did not change with time, then this wavelength for measuring the concentration of pollutants was chosen. Furthermore, absorbance changes in 357 nm were completely regular and measurable.
Performance of photocatalysts
Having carried out all experiments based on Table 2 , x% values were calculated at k max = 357 nm following 50 min after reaction which have been reported in of TC are presented in Fig. 11 . This Figure designates that 
Áþ ! oxidation of TC: The mechanism is summarized in Fig. 12 . The main role of the foundation is creating the perfect conditions for putting the TC and hydroxyl radical beside each other. Photocatalytic activity increased after stabilizing iron oxide on 12-TSAÁ7H 2 O. To comment on this result, we propose that the hydroxyl radicals, on the surface of iron oxide, are easily transferred onto the surface of 12-TSAÁ7H 2 O. That means the organic pollutants such as TC, which have already been adsorbed on the nonphotoactive 12-TSAÁ7H 2 O, have chances to be degraded due to the appearance of hydroxyl radicals, resulting in the enhancement of the photodegradation performance of a-Fe 2 O 3 /12-TSAÁ7H 2 O (as shown in Fig. 12b ). 
Kinetics of photocatalytic degradation of TC

The statistical analysis (optimum conditions)
Since a-Fe 2 O 3 NPs supported through SSD method have shown more effective than other photocatalysts from the view of the TC photocatalytic degradation, then in this section we carry out the statistical results analysis of the photocatalytic process in which a-Fe 2 O 3 /12-TSAÁ7H 2 O prepared by SSD method has been utilized. Analysis of variance (ANOVA) is a set consists of a number of statistical methods used to analyze the differences among group means and their associated procedures. ANOVAs are useful for testing three or more means variables for statistical significance. ANOVA was used for graphical analyses of the data to obtain the interaction between the process variables and the responses. The quality of the fit polynomial model was expressed by the coefficient of determination R 2 , and its statistical significance was checked by the Fisher's F test in the same program. Model terms were evaluated by the P value. In Table 5 , the estimated effects and coefficients for x% have been listed. In this table, standard deviation (S), correlation coefficient, pried R 2 and adjusted R 2 values were also reported. The square of the correlation coefficient for each response was computed as the coefficient of determination (R 2 ). The accuracy and variability of the model can be evaluated by R 2 . The R 2 value is always between 0 and 1. The closer the R 2 value to 1, the stronger the model is and the better the model predicts the response (x%). R 2 value was reported to be 0.9915 in this paper. The ''pried R 2 '' of 0.9662 is in reasonable agreement with the ''adj R 2 '' of 0.9848, confirming good predictability of the model. Due to Of course, it is necessary to note that despite other three variables, the variable of the initial concentration of TC has a negative effect on the response (-31.59). This means that increasing the initial concentration of TC leads to decrease x% and conversely. In this way, the effects about the variables interaction were reported in Table 5 . As can be seen from these results, it is the only interaction of variables, namely the initial concentration of TC and the catalyst concentration which have positive effects (3.10). The interaction of the initial concentration of TC with pH and the interaction of H 2 O 2 concentration with catalyst concentration have both negative and roughly the same effects on the x% value (-4.67 and -4.66, respectively). In Table 5 , the coefficients of each term have been reported which are the same term coefficients in response function which they will be given in the following. It is vital to note that P values have been assessed considering Alpha (a) = 0.05. In order to compare the variables effect (from the viewpoint of magnitude) on the response, the Fig. 14a could be investigated which is one Pareto chart of the standardized effects. In this Figure, those variables whose effects on response is negative (-) or positive (?) have been marked. The results revealed that the effect of the initial concentration of TC on the x% is greater than other variables effect (at least three times) but the effect of this variable is negative i.e. increasing or decreasing the initial concentration of TC leads to decrease and increase x%, respectively. In order to better investigate the residual values, residual plot versus exp. no. has been illustrated in Fig. 14b . As it is seen, eight points (residuals) are located under zero line (negative), nine points above zero line (positive) and two points roughly on the zero line. Due to this and comparing distance of points from zero line, it could be said that residual distribution is normal. An extremely useful procedure is to construct a normal probability plot of the residuals. If the underlying error distribution is normal, this plot will resemble a straight line. Figure 14c shows normal probability plot. In this plot, it is fully clear that residuals distribution is normal because points (especially central points) are close to straight line. If the model is correct and if the assumptions are satisfied, the residuals should be structureless; in particular, they should be unrelated to any other variable including the predicted response. A simple check is to plot the residuals versus the fitted values. Figure 14d displays plot of residuals versus fitted values. Mathematical model representing TC photocatalytic degradation in the range studied can be expressed by the following equation:
where A, B, C and D are the initial concentration of TC, pH, H 2 O 2 concentration and catalyst concentration, respectively. In Fig. 15 , the plots of main effects have been shown. These plots indicate that of four main effects, only the Fig. 14a . In Fig. 16 , interaction plots for x% have been presented. Generally, in such plots the more parallel the lines, the lower the interaction effect would be and the more intersecting the lines, the higher the interaction effect would be. As it is observed, there is a significant interaction effect among catalyst concentration and H 2 O 2 concentration variables. This effect is slightly found at interaction among pH and catalyst concentration variables. Figure 17 shows a cube plot for x%. Using this plot, one could easily identify the conditions for reaching the desirable x%. For example, in order to reach maximum degradation (x% = 97.39) the variables of pH, the initial concentration of TC, catalyst concentration and H 2 O 2 concentration should be at levels of ?1(8), -1(30 ppm), ?1(150 ppm) and -1(0.1 ppm), respectively. Generally, considering the interaction effects is very important because it may place the unpredictable effects on the response. For example, based on the results of Fig. 15 even though H 2 O 2 concentration had simply a positive effect on x%, the maximum x% was achieved in those conditions where H 2 O 2 concentration was at its minimum level (see exp. no 7 in Table 4 ). For the same reason, the interaction effect of variables should not be ignored in studying variables for reaching optimal conditions. Finally, to determine the stability of the catalyst after 5 steps photocatalytic decomposition process, catalyst separation and then drying it, the FTIR spectrum of the sample showed that the catalyst structure have not changed. To determine the reusability of catalyst, 5 times was repeated experiment in the optimal conditions. Results, respectively, are as follows: X1 = 97.39, X2 = 97.32, X3 = 97.24, X4 = 97.20, X5 = 97.21. These results show that reusability of catalyst is appropriate. 
Conclusions
The results revealed that: 
